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1- Process for th. gas phas. oatalytio 

«uori„.tion or . satur.taa *al„«ate4 axiptatio 

a.:bul. or supported catalysTba^.' o7 
chro«i™ oxide or oxides o. o.„o»i». and at least on. 
o«.er catalytically active .etal. ia ,,i., 
part o, the oxid.,s, is i„ , the orystaliine state and, 
Vhe. "» "taiyst is a b„x. catalyst, ita .peoi«c 
surface, after activation vit» „, is at least . ■ 

. Process according to claim i, m ^.a^h th. 
-etal associated with the chromic is chos.n fro. 
nagiiesii;.Ti nickel 

nxcKBi, zinc, xron, cobalt, vanadium and 

manganese. 

S- Process according to any one of claims i to 

<. « vhich the crystalline phase comprises the cxid. 
-A, cro„ »ic.o„ »icro„ Hicro,, Hgcro,. or zncr.o, =r 

a mixture of these oxides. 
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^-3- A fluoriaated hydrocarbon obtained bv 

process claimed in any one of ci.i«s 1 to 12 . ' 
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The present invent ioa relates to the gas 
phase f luorination of halogenated hydrocarbons and its 
subject is Bore particularly a process for catalytic 
f luorination of saturated halogenated aliphatic 
5 hydrocarbons by means of chromiuB-based crystalline 
catalysts. 

intensive investigations conducted into the 
substitutes for chlorofluorocarbons (CPCs) are 
directed, inter alia, •^owards the synthesis of 
10 ^talogenated hydrocarbons which have acre complex 

formulae and which are chemically more reactive. This 
new step forward in fluorinatioa has resulted in the 
development of more active and, above all, more 
selective catalysts. Thus, chromium derivatives - 
15 already renowned as good catalysts for gas phase 

fluorination - have been the subject of more specific 
preparations (precursors, operating conditions etc) to 
improve further their catalytic performance, m some 
cases the catalytic power of chromium has also been 
0 strengthened by the addition of other metallic 

elements, such as cobalt, ainc, magnesium, iron, copper 



etc. 



25 



in the temperature range commonly employed 
for gas phase fluorination (200-450oc) the rate of 
fluorination of the oxygen-containing chromium 
derivatives by hydrofluoric acid decreases 
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exponentially as a function of the degree of 
fluorinatioa of the catalyst. While an PVcr aton-ic' ' 
ratio of the order of 1.5 is rapidly reached, obtaining 
higher p/cr ato^c ratios (2.S to 3 in the case of 
S Cr(XXX), requires, on the other hand, either ver,. long 
fluorination periods (> XOO hours,, or operation at 
higher temperatures, with ris^s of degradation of the 
catalyst. 

us P..,„t 3,„6,oo9 d..crib*. th. synthesi. 
of «uorinate. c«^o„^. ^^^^^ 

fluorlnation „ith HP with a chroniu..b..ed c.t.Xy.t 
Thxs catalyst is obtained by ther«i-,„,u«io„ of Cro.. 
activity of th. catalyst dapenda oa th. p„po«io„ 
chr«.i„„ i, „ ^^^^^ ^^^^^ ^^^^^ 

" present in the catalyst at th. .hd of the h.at 
treatment, .t is ci.a.ly stipulate, that this =alci„i„, 

m air must not exceed 370«C to U4. • • 

^'^ to avoid obtaining a Cr,0, 

called "green chromium oxide% which is no^ \. • • 

' wjiicn IS not active. in 

tluorination /column i i ■ 

n (column l, i^nes (is to 70 and column 2 

Unes 9 to 16). 

The catalyst clai-ed is us Patent 3.992,325 
" " ^^'"^y""^-^ =hro.i„.,X„, oxide. I„ this solid 
co„sidet.d fot a lo., ti^ to a„o.phous, the aufio^s 
hav. identified an o«ho.h=^ic cxy.tallin. phase 
==-espo„din, to a <«id.-hydro,id. ■ 

-y TWs crytalline phase 

" fluo.i„ation catalyst 

<=olu™ 1, line. ,0 ^^^^^ ^^^^ 
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-uet fi„t Of all be .ubjected a» .ctivatlcn ,co.»„ 
3. lines 55 to «), ana it i. ,p,ei«ed that -the . 
te«5eratur. during this activation „„.t „ot exceed 
500-c in order to avoid the formation of other 
S crvstallin. phase of the chro^u., which is inactive in 
fluorination (column 3, ,i„.. „ ^ „ ^ ^_ 
lines 1 and 2) . 

A »I»oific preparation of a chronium 
catalyst, de.crib«i in European Patent » 514,932 «, 
. produces a chro»iu„ „^ ^^^^ 

(> 170 tf/g, . To exhibit a sufficient fluorination 
•o"vity, this catalyst ^t he amorphou. (paje 3. 
lines 1 to 3 „ ^ ^^^^^^^ 

have a large surface area, ih, authors explain 

ie necessary to avoid a caloinatim, =► 

""""on at excessively high 

teaperature to liiut th« .-(ov « 

"»*t the risk of crystallization of the 

chromium oxide (page 3, 35 ^„ 

only European Pat«.t BP S4»,7« *l is fcnoin 
to describe the use Of a crystalliae chrcsaum catalyst 
n^i. type Of catalyst is «,pl,yed specifically for the 
purification of Pl34a by ocnver.ioa of Pll« ,cp,^l, 
i:>t= F133a (cy.-ccia,,. Ih. catalyst, must hav. a 
crystalliuity higher than .^^^ ^^^^^ 
is either in bulk form or is supported on fluorinated 
alumina. The advantage of this crystalline ch^mium 
-id. is based on the absence of emission of volatile 
~.d toxic chro»i«.,vi, oxyfluoride. during the 
"generation ,p»ge 2. lines 42 to 44,. la th of 



I 
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this cok-ge„erating purification (presence of pix^a, 
the small surface area of the catalysts 4oes -not pe«it 

a lifetime without very long regeneration (regeneration 

ev«ry 24 hetirs) . 

The addition ot "aopants.. to improve th. 
ctaiyst perfoin«.e. of chro.iu. d.ri«tiv„ c„, i„ 

.i„ „t.rd the ory,t.m«ti,. „f the 
«t.lyst. Thus, B„ope.„ s.t«,t BP 54.,. .3 Al claia, a 
.ixed c.taly« based on ohr«.iu, and niok.1 oxtd„. 
Although It ia poasibj. to introdue. cr,o, ,a.orpho». or 
cryataUina, to i.pr.v. th, tou,hne.s o, the catalyst, 
it i. recomendad to avoid exeessively high 
t«.p«.ature. oapahl. of inducing a cryatalliaation o, 
the activ. part o, th. catalyst (paga 4, u„,s 5. to 



20 



25 



sl-ll.rly, »s Patent 4,S47,4e3 describes th. 
praparation of a bu« catalyst by precipitation of a 
chro»i„.,„x, salt doped .ith a «g..si„. salt, in ' 
•rd«: to avoid a drop In reactivity of chrciu. oxld. 
towards H- and thus to facilitate the for«tio. of 
fluorinated actlv. species, the drying and th. 
.ctiyation of the catalyst ar. ,l„ys conductad at a 
temperature b.lov 40,.c ,c.l„.„. a... .4 to «, . 

rinally, Zuropean Patent EP 502 605 describes 
. chro.i«„ catalyst promoted using a zinc-based 
compound. Here again, as vith all th. cataly.t. 
mentioned in th. above .Ka.pi.., .^^^^^^^ 
" linked With completely or partially tluorinated 



r 
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species. In this particular ease the active catalyst 
consists of zinc fluoride and chromium 6xyf ludrides and 
lluorides (page 3. lines 47 to, 52) . This is why it is 
desirable to pretxreat these catalysts with HP before 
5 employing them in fluorination. 

oxygen-containing chromium derivatives which 
have an amorphous structure react with fluorinating 
agents and. »ore particularly, with hydrofluoric acid. 
The rate of fluorination of these compounds decreases 
10 exponentially as a function of the degree of 

fluorination of the catalyst. Thus, under the operating 
conditions generally employed in the gas phase 
(T < 4S0-C), the fluorination of chromiumdii, can be 
divided into tvo stages: 

■ * "P^** initial fluorination which makes it 
possible to reach an F/Cr atomic' ratio of the order of 
1^5 in a few hours, 

- a second stage which produces miah nor. 
elowly (several hundred ho»., .» ,/cr atonic ra.io 

20 close to 3 . 

Since this ttuoriMtion of the ctalyet with 
1. e«.th.;:^c, it requires . very gradual control 
(dilution in an inert substance. .lo„ controlled 
«=rease i„ t«^erature, . Another dis«i,.nt.g. i. that 
« xt is acco-^i,^ by «t«: fo».tion which can. on the 
one hand, inhibit the catalytic activity and. on the 
other hand, give rise to high corrosion of the 
industrial tool in the presence of hydracids. 
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This is why, in industrial practice, the 
rapid flucrination stage is generally carxied_out in... 
the absence of any organic product capable of reacting 
with the fluorirating reactant (HF, etc); this 
5 treatment is commonly called "catalyst activation". 
Because ef the corrosion risks, this activation stage 
is frequently conducted in a simplified plant where the 
crude reaction product is treated directly in scrubbing 
columns, without reco^-ery and recycling of the 
10 unreacted fluorinating reactant. 

This partially fluorineted solid already 
catalyses fluorination reactions; this is why, because 
of its excessively long duration, more extensive 
f luorination of the chromium catalyst often takes place 
in the industrial unit for the flucrination of the 
organic prcrivct in the presence of the reaction mixture 
(organic substances, HF, HCl, etc). This 
perfluorination of the catalyst in the industrial 
reactor is not without its disadvantages: 

- it makes it necessary either to stop the 
activation stage in operating conditions close to those 
of 'the unit for f luorination of the organic substances, 
or to carry out a very gradual start-up of the 
industrial unit, in order to snread out in time the 
release of water and of heat due to the flucrination of 
the catalyst. This exothermicity is additional to the 
unavoidable exothermicity of the adsoirption of HF on 
the catalyst; 



15 
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Charge.. i„ «cc.3.i..,, ^^^^ 

S .e...xc««=n ^^^^^^ ^^^^^^^ 

of powder) ; 

- finally, formation of large quantitiea of 

water at point locations can result i« ^ 

can result in rapxd eorrosioa 

of th. crucial coi^t. ^ i«d.,atri.l tool. 

HlU-rto. during the preparation ^ uae o£ 

catalv^t. h...a on ehro^» cxide. or hydroxide.. i„ 
order to .^tain acceptail. ctal^ic performance it ... 
r.co»«^ to pr..erve th. ..„rpho.. character h, 
.voiding h.at treatment, at exce«ivelx hi* , 

15 tmperatures (> 4S0-CI —j 

C) and under oxidizing tCao.ph.r.. 

It ha, „o« heen found that, provided that 
-e, have . -efficiently large .p.c.«. 
=ry.tallin. chro^u. oxide. „hihit gc„d activity fl 
.H. catalytic fluorination of ..t^ated h.log«„t«. 
0 aliphatic hydrocarbons. 

oryscallijxa phases in the 
"»ew. catalyat .virgin in r.apect of any fluorinating 

""""i'y toward. fl„„^. 
coapounds and .q,eoially hf. Afte^ , 

' Atter a rapid activation 

* t-rd. BP. Changing 

very eXig^^^ ^^^^^ 

.dvantag. cf eliminating th. ri... of corrcion due to 
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««phou. cat.l,«., the cr,«»Xii.e c.t.ly.ts .r. 

to .«p.„tur. ris.. due t. th. production .a...ds. 
' »=cordi„5 to tH. present invention, there i. 

therefore provided , pr,=.„ 

catalytic fluorination or . ..turated h.lo,en«ed 
tlxphntic h,dr.=nr>». ^ „ 

. b„i* or supported o.taly« based on chr„„iu„ oxide or 
» oxides Of chro.iu. ,nd of at Xeest one other 

catalyticaXiy active .etaX, in which th. «,or part of 
t... cxide.s, is in th. orystaiXine state and, «hen the 

catalyst is a built catalvst <». 

cataiyst, its specific surface, 

after activation with HP, i. .t i.a« a .Vs. 

»s in th. cas. Of the anorphou. catalysts of 
the prior art, th. crystax.ine chro.iu„ catalysts „..d 
aceordin, to th. invention cnn be dop.d by the presence 

Of at least one other catalvtlf.«i i« 

cataiytically active metai (for 

example nickel, cobalt 

' cobalt, manganese, magnesium, iron, 
zinc, vanaditun etei t-** 

«n etcj to improve the catalytic 

P«for«.ce and/or th. physicoche.ical properties of 

the catalysts. ,he atomic ratio: other active 

"tal/chromium is generally below l 2 ■ 

' ""■'^ and IS preferably 

betweM, o.x and 1. 

Th. catalyst, accordin, to the invention can 
be Obtain.* f roi. ...rphou. chro,iu„ catalyst, by 
s.b,.ctin, th. latter, befor. or aft.r th.y ar. for..d, 
to a heat treatment in condition, which «.«. it 
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possible to obtain the crystallization of the active 
species and to preserve a sufficient specific surface 
(> 8 arVg after activation with HP).. 

The crystallization atmosphere is an 
J important parameter. Although it may be possible to 
work under an inert suostance (nitrogen, argon, etc), 
it is preferred to perform the heat treatment in an 
oxidizing atmosphere (air, oxygen, etc) which makes it 
possible to initiate the crystallization at lower 
temperatures and to obtain a larger specific surface. 
The treatment temperature is also important because it 
directly affects the crystallization kinetics, the 
crystallite size and the nature of the crystalline 
phases. The minimum temperature for obtaining the 
crystallization of the chromium oxide or of the oxides 
Of Chromium and of the additional metal depends on the 
metallic precursors employed and can b. determined by 
thermal or calorimetric analysis, m general, to . 
preserve a sufficient surface area, th. temperature of 
the treatment in air is between 3U0 and 7S0-C, 
Ejreferably between 400 and /OO'C; xn the case of an 
undoped chromium oxide the temperature is 
advantageously lower than 650 'C. 

The duration of the heat treatment is quite 
obviously related to the abovementioned parameters, but 
generally does not exceed 48 hours. In the majority of 
cases heating for 0.5 to 24 hours makes it possible to 
Ob ain the required cri^stalUne solid. The temperature 
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rise is preferably performed gradually (20 to 
200»c/hoc-:) . 

^ > . — , — 

The stacting axnorphoas catalysts can be 
prepared by the different techniques known to a person 
skilled in the art, which make it possible to obtain 
solids of large specific surface, for example by 
coprecipitation, in the form of hydroxides, of 
different metal salts, or by reduction of CxO,. Without 
any limitation being implied, a preferred method for 
the preparation of bulk amorphous catalysts includes 
the follom^ing stages: 

a) dissolving in water a chromium(lII ) salt 
(for example chloride, sulphate or nitrate) and 
optionally a precursor of at least one other metal, it 
being possible for this precursor to be a salt (for 
example chloride, nitrate, acetate, sulphate etc) ov, 
provided it is soluble in the mixture, a metal oxide or 
hydroxide; 

b) formation of a sol by partial 
neutralisation of the above solution with a base (NaOB, 
NH.OH, amines etc), it being possible for chis 
neutralization to be performed directly in the case of 
the precursors of the acetate or sulphate type, or to 
require heating between 60 and 95'C beforehand in the 
case of the precursors of the nitrate or halide type; 

c) gelling of the sol by neutralization or 
basifieation to pB 6-11 (depending on the pi. of 
precipitation ot the active co-metal (s ) ) by means of a 
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base (NaOH, NH,OH, amines, etc); and finally 

d) washing the gel and drying between 50 and 



200*C. 



25 



To complete the f option of the sol (stage 
5 b) , a complexing agent for the chroadum and/or the 

additional .etals ..y ,e added to the aqueous solution 
of the precursors, such as, for exaaple. ammonium 
acetate, sulphate or phosphate, in a quantity which can 
be up to five ti^es the total number of moles of the 
10 precursors. 

The gel in stage c can also be obtained by 
reduction of CrO, in solution by means of a reducing 
agent such as methanol. 

The fonidng of the catalyst, effected before 
15 or after the crystallization operation, can be carried 
out in a manner known per «e, for example by 
tabletting, extrusion or granulation. 

^Various additives may also be added during 
the preparation of the catalysts to exahance their 
Physicochsmical and catalytic properties, rt is thus 
possible to add relative to the weight of the final 
catalyst) : 

- 2 to 30 % of powdered CrA or Cr,0,- 28,0 

dried beforehand at 300»C, or Al o -xb o • 

or AX,o, xB,0, to improve the 

mechanical behaviour of the final catalyst, 

- 0.1 to 5 % of graphite and/or 0.1 to 10 % 
of polyvinyl alcohol, to facilitate the forcing by 
tabletting or extrusion. 



20 
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- 0.1 to 20 % of floceulaat sucfi as ~ 
polyacrylates or polyaorylamides, to facilitate the 
filtration of the caKe recovered after neutralization. 
With a crystalline ahromium catalyst 
5 according to the invention the activation stage «ith HP 
can be coneiderably reduced. It ie generally lifted to 
a temperature rise under HF in the absence of organic 
substances. However, if the catalyst has not been 
cxystalU^ed directly i„ the fluorination reactor, it 
is inrportant to dry the catalyst under inert gas or in 
air before introducing HP, in order to eliminate any 
risk of corrosion. The ten^er.ture of this drying m^y 
be between loO-C and the t^nperature employed for the 
cryetalUzaticn; it is preferred, however, to perfo« 
the drying at a temperature between ISO'C and a 
temperature which is 50-c lower th«, that at which the 
crystallisation has been perfo'med. 

Next, because of the heat of adsorption o£ HF 
on the catalyst, it is recommended to introduce this 
reactant gradually, at a temperature of between 50-C 
and the temperature set for the fluorination reaction 

of the organic substances t*. 

uoBcancas. It xs generally preferred to 

perform the activation at a temperature of between 100 

and 350-C and then, a. soon as the HP adsorption peaks 

have passed, it is possible to rise directly to the 

temperature required for the fluorination reaction of 

the organic compound being studied. As there is no risk 

of the catalyst being fluorinated, it. is unnecessary to 
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keep to plateaus at different temperatures. When the 
catalyst is at the desired temperature it is possible' 
to conunence the introduction of the organic reactaats, 
and these generally replace the inert gas ea5>loyed for 
5 the tentperature rise. 

When the catalyst contains additives which 
react with the fluoriaating agents it may be found 
necessary to begin with activation to ensure the 
fluorination of these coapounda. However, given the low 
10 proportions of this third substance and generally its 
readiness to be fluorinated. the activation remains 
limited in time. This case corresponds to that of 
alumina, which is added to reinforce the mechanical 
properties of the catalyst. It does not associate with 
chromium but reacts with HP to form aluminium 
oxyfluorides or trifluoride. This alumina is 
fluorinated more readily than the chromium-based 
compounds and a rapid activation of the catalyst with 
HP at a temperature of 350-400«C »akes it possible to 
bind more than 80 % of the fluorine needed to convert 
it into AIP3. A catalyst is thus obtained which 
effectively does not change further in the synthesis 
reactor. 

The crystalline catalysts according to the 
present invention can be employed for the gas phase 
fluorination of saturated halogenated aliphatic 
hydrocarbons with HP. They are particularly suitable 
for the fluorination of halogenated hydrocarbons 
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resulting in c.-C, fluorinated compounds containing one 
or more hydrogen atoms. As examples of smarting 
halogenated hydrocarbons the following compounds »ay'"be ' 
mentioned, with no limitation being i^pUed: CHCl,, 
5 CH,C1„ CB,Ci-CFCl„ CHC1,-CFC1,, CHC1,-CC1F,, CH,C1-CF,C1, 
CH,.CC1,, CHCl.-CP,, CHFCl-CF,, CH,C1-CF„ CB.-CCl.-CB,, 
CCl3-CF,>CH,, CCl3-CF,>CHCl,, CC1,-CF,^CH,C1, CHCl^-CBCX-CH, 
and CBjCl-CHCl-CHj. 

The temperature of the fluorination of the 
10 organic substances depends on the reaction being 

studied and quite obviously on the desired reaction 
products. Thus, in the case of a partial substitution 
of Chlorine atoms with fluorine, the work is done at 
temperatures of between 50 and 350-C, the substitution 
15 of an the chlorine^ atoms generally requiring 
temperatures of between 300 and 500-c. 

The contact time also depends on the reaction 
being studied and on the intended product.. i„ most 
cases it is between 3 and lOO seconds; however, to 
obtain a good compromise between the degree of 
conversion and space time yield, the contact time is 
advantageously shorter than 30 seconds. 

The BF/organic oompounds(s) molar ratio Is 
also related to the reaction being studied. It depends, 
a-o„g others, on the stoichiometry of the reaction. In 
most cases it can vary between l/l and 20/1 but, here 
agaxn, it is frequently lower than 10 in order to 
obtain high space time yields. 
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The working pressure is preferably between 1 
and 20 bars absolute (0.1 to 2 MPa) , 

Depending on their mechanical toughness, the 
catalysts according to the invention can work in a 
5 stationary bed or in a fluid bed. The catalysts whose 
activity has dropped as a consequence of fouling can be 
regenerated by purging the catalyst with a compound 
capable of oxidizing and converting the products 
(organic substances, coke etc) deposited on the 
eatalyst as volatile products. Oxygen or a mixture 
containing oxygen (for example air) is perfectly 
suitable for this purpose and enables the initial 
activity of the catalyst to be restored. The 
exothermicity of this, -combustion- must, of course, be 
controlled by controlling the flow rate of oxygen (at 
the beginning of regeneration a high dilution in an 
inert substance) to prevent a runaway of this 
-generation and to avoid exceeding temperatures higher 
than 600OC. However, in contrast to the amorphous 
solids, the catalysts according to the invention are, 
as ^ result of their crystalline state, „:arkedly less 
sensitive to temperature rises. 

To maintain the activity of the catalyst it 
is also possible to perform the fluorination reaction 
*n the presence of oxygen introduced in an 0,/orga„ic 
compound .olar ratio which may range from O.OOl to 0.05 
and, preferably, is between O.OOS and 0.03. Here again, 
the crystalline catalysts are in a stable state to 
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oxygen . 

■W". «ollowi„9 exwples lUu««t. th. 
inv,ntlon without lliniting it. 



aBPAMTTON OF ■m rj,T,'.lTiirii 
Catalyrt 1 ,cr.0. c.lci«d in .1^ at 400-C, 
30 , ,0.075 .ol, o( chroBiu. .atrat. 
non.hy.„t, Cr,»o.,..,B.O ^ , 
-o„i™ ^„ ^ 

wat„ « ^i.„, t.^.„t„. ^^^^ 

compaetaly dissolved. The 
20-C and *-K 

^ C and then poured rapidly into « ™* . 

P-^^^y into a nujcture of 375 ml 

°' " " «hyie„. ,iy„i. 

P-lpitat. Obtained was ,iate„. 
"""•"^ With .thanoi a. ^i, 

The solid obtained was th— j 
at 400'C . , deeompoMd ia air 

"0 *or 5 ^nutes, tha t«,p.„tur. ris. hein, 
performed at a rat. of l-cz-dn. 
Catalyst 2 

calci " "talyat i, hut with th. 

"lc.„atio„ hain, p.r.or^ 

^0. prado„.„.„ ^^^^^^ ^ 

surface area of ig ajj/g. 

Catalyst 3 (comparative) 

"0 g Of Cr,0,.2H,0 were mixed with 276 g of 
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an aqueous solution containing 12 % of polyvinyl 
alcohol, this alcohol facilitating the tahletting of 
this crystalline chrom^un, oxide. After drying at 100-C 
for IS hours the powder obtained was calcined in air at 
5 400.C for 4 hours before being forced by tahletting. 

Catalyst 4 (»,ixed iii-Cr crystallized at 

600 •€) 

so "a of a IK aqueous aolution of chromium 
-trate nonahy.„t. ^. so .1 a W a^eous solution ' 
Of nioksl chloride hexahydrate «ro .^xed at aM.ie„t 
te^eratura. The .^ture was then heat«i to OO-C and 
then cooled hefor. 3.8 , of M,0,.., b,0 were diapa^Sad 
therel... The :aixture waa then nautrali,«, by addin/ 
" »1 Of 1« a^eou. a»„„i.. nur.tlon and 

= w«hi„, the product dried at lOCc for U hours. 
0.4 , Of graphite and S. 1 , of an a^.ous aolution 
containing 1. , of poiy.i„y, ^ ^ 

the solid thus Obtained. Aft.. ^^^.^ 
tor 15 hours the powder obtained was calcined in air 
according to the following pr«edure: 

rise to 200-G (loo'c/hour, , than a ona-hour 

plateau^ 

ris. to 3S0-C (lOO-C/hour,, than a two-hour 
plateau, 

rise to (lOO-c/hour,, th«, a four-hour 

plateau. 

catalyst 5 (ml^ed Ni-cr crystallized at 
500«C) 
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Sa«e preparation as catalyst 4 except for the 
f-al calciaation temperature (500-C instead of 600-C, . 
Catalyst 6 (ndxed Nl-Cr crystallized at 
400«C) 

Saine preparation as catalyst 4 but with a 

final temperature of 400 -C *.k^ , . 

*^ for the calcination. 

Catalyst 7 (coi«parative: amorphous mixed 
Ni-Cr) 

Same preparation as catalyst .4,. but the 
calcination in air up to .OO-C is replaced by a heat 
treatment at 350-C under nitrogen. 

catalyst B ^mixed Cr-V crystallised at 500-C, 

^Ogof cr (NO,,3.9H,Oandl.57gof VCl,were 
introduced into lOO ml of water Th^ . • 

■«. oz water. The solution was then 

neutralized to pH 6.4 with ia i ^ 

P« 0.4 With 14 ml of 14N aqueous 

The pcw.e. ctUin^ t..„ calcine. i„ .ir. 
according to th. foUovina prc=.d„r., 

ri.e to 200.C ,100-CAour,. th«, one-hour 
plateau, 

ris. to 3S0.C (iOO-c/hour,, then two-hour 
plateau, 

ri.. to SOO-C (lOO-c/bour,, then four-hour 
plateau . 

<^talyst 9 (comparative: amorphous mixed 
Cr-vj 

S«» pr.p„.tion cat.ly« 8, but calcinin. 
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the powder under nitrogen at 350 'C for 4 hours. 

Catalyst 10 (cxystallij« ai^eed Cr-Mg) 
200 g (0.5 mol) of chromiuio nitrate 
nonahydrate and 26 g (O.l ^1, of «agnesiu« nitrate 
5 hexahydrate were dissolved in 1 lit« of water. The 
ndxture was heated to eo-c for 2 hours and then ^de 
basic to pH 10.2 hy the addition of a^eous a«„o„ia. 

The gel obtained was washed twice with 450 „i 
Of dxstiUed water and then dried at 100-c for 14 hours 
' and finally calcined at 350-C in air for 4 hours. 

Catalyst U (crystalline mixed Cr-2n) 
200 g of ohroaiua nitrate nonahydrate and 
68 g (0.5 «ol) Of Zinc chloride were dissolved in 1 
ixtre of water. The whole was heated to 80-C for 2 
hours With stirring and then ta.en to pH 6. 7 by the 
addition of aqueous ammonia. 

The gel obtained was then washed twice with 

450 ml of distilled water anW ^ • 

4.ea water and then dried at 100 for 

14 hours and finally calel«.*« <- j 

'«*xy calcined in air at 400 •€ for 4 

hours . 

Catalyst 12 (comparative: amorphous mixed 
Cr-Zn) 

OP Pl^-i^ 

The perfor^nee of catalyst. 1 to 12 «d that 
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"t a «yst.lU„e bul. cro. ,cat.Xy.t 13 herei«it.r, was 
te«.d, alter activation with SF. in th. fluoriwtion 

of l-ehloro-2,2,2-trinuoro«thaa« (P133a) at 
atmospheric pressure. 

= The hydrofluoric acid employed is a 

co^ercial product containing only trac. of water and 
the starting n33a i. a 99.9. p„r. product. The reactor 
«.pl«y.d is a 20-.1 xnconel tu».. heated by . tubular 
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Before tne fluoxination test the catalyst 
(15 .1, placed in the reactor was first c£ all dried 
under nitrogen (5 l/h) for 2 hours at 250-C and then 
activated according to one or other of the following 
activation methods: 

(^) Short activation at low t^erature (for 
catalysts 1, 2, 3, 8 and 13) 

HP is added gradually at 250 to the 
nitrogen streain and then, after the exother«icity peaics 
due to the adsorption of hF on the catalyst have 
passed, ..e i...., .^,.r.t^^ 
for the fluorination reaction. 

N«xt, at this teiaperature and without keeping 
to any pi.teau, the nitrogen is gradually replaced with 
F133a and the flow rates are adjusted to obtain the 
chosen HP/Pl33a molar ratio. 

(b) Long activation at low temperature (for 
catalysts 7, 9, iq 

same activation as above but a plateau of 10 
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hcurs . 250-c is observed before introducing Pl33a. 

(c) Activation at high tenperature (for 
catalysts 4, 5, 6 and 11) 

HF is added gradually at 250 "C to the 
5 nitrogen stream and then, after the exothemdcity peaks 
have pass-d, the catalyst is heated to 450*C (only 
400-C in the case of catalyst 6 and 2S0^C in the case 
of catalyst 10). After a plateau of 6 hours at this 
temperature the latter is returned to 3S0-C and the 
10 hitrogen is gradually replaced with F133a to adjust the 
flow rates to the chosen HF/P133a molar ratio. 

Before being introduced into the reactor the 
reactants are mixed and heated to the reaction 
temperature in an Inconel preheater. 
, ^^^^^ washing with water (removal of the 

hydracids, and drying over CaCl, the reaction products 
are analysed in line by gas phase chromatography. 

The characteristics of each catalyst before 
activation (new catalyst) and after activation with HP 
are assembled in Table 1 which follows. The pore 
volumes shown were determined by mercury porosimetry 
and correspond to the volume of the pores of radius of 
between 4 nm and 63 nm. 

The operating conditions and the results 
obtained i„ the tests for fluorination of F133a to 
P134a are collated in Table II. 

Table III gives the characteristics of the 
spent catalysts 4, 7 and 13 / that i, to say after the 
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flttorination testa .P9. and P5 respectively. 
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j TABLE ITT 

I 

I Charactexiatlca of the apent catalysts 

I 



5 



10 



WiXiU^XdT NO. 


4 


7 


IT ■ 




405 


286 


186 


BET suTfan^ AT-oA fwn^/^\ 


32.4 


25.6 


49.4 


Weight analysis: 








Cr% 


25.7 


19.2 


60.7 , 


Mi% 


27.3 


21 




Al% 


7 


6.3 




F % 


18.3^ 

r 


33.5 


3.5 



15 



20 



Tests Fl, F2 knd F3 show that it is possible 
to obtain good catalytic results, close to the 
themodynawic equilibrium, with crystalline bulk 
catalysts of low fluorine content but which after 
activation have a surface area greater than 8 mVg. 

In catalysts 1 and 2 the chromium is very 
predominantly in the oxidation state of III. On the 
other hand, in catalyst 13 in Tests F3, F4 and F5 the 
chromium is in the oxidation state of IV. Very good 
catalytic results are nevertheless obtained; a lifetime 
of 186 hours (Tests F4 and PS) even shows a very good 
stability of this activity. 

Test P6^ shows that a crystalline chromium 
oxide exhibiting a specific surface that is too low 
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after activation (catalyst 3) results in a very low 
activity. 

Tests F7 to Pll show the influence of the 
crystallization temperature of a bulJc Ni-Cr catalyst on 
its catalytic activity. The results obtained with a 
contact time of 4 seconds (Tests F7, PlO and Pll) show 
that the optisnim crystallization tenperature (beat 
eoapromise between fluorination of the catalyst during 
the activation and catalytic activity) is between 50t».' 
and 600 «c. It is also found that catalyst 4, calcined 
at 600»C, exhibits a relatively stable activity (Tests 
P8 and P9) ; the slight deactivation observed is due 
solely to an initiation of coking of the catalyst 
because of a slightly low 0,/P133a ratio. On the other 
hand, if the fluorine contents of catalyst 4 are 
compared at different stages (Tables 1 and III) , it is 
found that this content effectively does not change 
further after activation; the change from 15 to 18 % 
over 400 hours of test corresponds to the fluorination 
of the alumina present in the catalyst, the active 
constituents of the catalyst (chromium and nickel 
• derivatives) not being fluorinated, or very slightly 
so. 

When tested in similar operating conditions, 
the amorphous Ni-Cr catalyst (catalyst 7) has an 
activity equivalent to that of the crystalline Ni-Cr 
catalysts However,, it is deactivated more rapidly and, 
above all, its fluorination continues during the 
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fluorination test to reach 33^5 % of fluorine after 
only 288 hours of test.. 

Tests F15 and F16 make it possible to compare 
the catalytic activities of bulk catalysts based on 
5 chromium and vanadium, one being in amorphous form 

(catalyst 9)^ the other being crystalline (catalyst 8)* 
Although slightly less active than its amorphous 
homologue, the crystalline catalyst has the advantage 
of being fluorinated very slightly; 3,5 % of fluorine 
10 after activation (19.7 % in the case of the amorphous 
catalyst) . 

4*. 
t 
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Tbe elaijos 4af iaiag the invention 



are aa folloirs: 



1. Process for the gas phase catalytic 

flucrination of a saturated halogenated aliphatic 
hydrocarbon by aeaas of hydrofluoric acid in the 
presence of a bulX or supported catalyst based on 
chromium oxide or oxides of chromium and at least one 
other catalytically active metal, in which the major 
part of the oxide(a) is in the crystalline state and/ 
When the catalyst is a bulk oatalist, its specific 
surface, after activation with HP, is at least a mVg- 
2. Process according to claim i, in which the 

metal associated with the chromium is chosen from 
magnesium, nickel, zinc, iron, cobalt, vanadium and 
manganese. 

IS 3. Process according to claim 2, in which the 

atomic ratio of other active metal/chromium is beiow 



1.2. 
4. 



Process according to claim 2, in which the 
atomic ratio of other active metal/chromium is between 
20 0.1 and 1. 



5. 



Process according to any one of claims i to 
4, in which the crystalline phase comprises the oxide 
nr.o., cro,, Nicr,0„ NiCro,, NiCrO,, «gCro„ or ZnCrA or 
a mixture of these oxides. 
2S 6. Process according to any one of Claims X to 

5,. in Which the catalyst is obtained by subjecting an 
amorphous catalyst to heat treatment under conditions 



3 



10.riflY.2002 14:59 PATENT E>PRESS NO. 973 P. 

30 

sufficient to obtain the crystallization of the active 
species. 

7. Process according to Claim 6, in which the 
treatment is performed under inert or oxidizing 
atmosphere at a temperature of between 300 and 750«C. 

8. Process according to Claim 6, in which the 
treatment is performed under inert or oxidizing 
atmosphere at a tea^erature of between 400 and 700«c. 

9. Process according to any one of Claims 1 to ' 
8, in which, before the fluorination of the saturated 
halogenated aliphatic hydrocarbon, the catalyst is 
activated by means of HP at a ten^^erature of between 
100 and 350»C. 

10. Process according to anyone of Claims 1 to 9, 
in which the halogenated hydrocarbon to be fluorinated 
ia a C,-c, compound containing one or more hydrogen 
atoms. 

11. Process according to any one of Claims 1 to 9 
in which l-chloro-2,2,2-trifluoroethane is fluorinated 
to 1,1,1,2-tetrafluoroethane. 

12. Process according to Claim 1, substantially 
as described in the Examples . 

13. A fluorinated hydrocarbon obtained by the 
process claimed in any one of Claims 1 to 12 . 

DATED this. SEVENTH day of DECEMBER 1994 

Elf Acochem S.A. 

Pacenc Attorneys for che Applicanc 
SPRUSON u FERGUSON 
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ABSXRACT 

GAS PHASE FLnORJKATIQir BY MEANS OF 
CSYSTAIiLZNB CATALYSTS 

The invention relates to the gas phase 
catalytic fluorination of saturated halogenated 
aliphatic hydrocarbons by means of BF. 

A bulk or supported catalyst is esqployed, 
based on chromiim oxide or oxides of chromiusL and of at 
least one other catalytically active metal, in whioh ' 
the major part of the oxide (s) is in the crystalline 
state. In the case of a bulk catalyst, the specific 
surface, after activation with HP, is at least 8 m^/g. 

Using this catalyst, good catalytic 
performance is achieved* 
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